separation tests, and multiple regression analysis were performed on the data. 10 Concentrations of Se were measured in the fresh, frozen, and formalin-fixed cubes of liver (Table 1) . Eleven treatments were defined to include Se in fresh liver on day 0 (1 treatment) and in frozen and formalin-fixed liver on days 2, 7, 14, 21, and 28 (10 treatments). Analysis of variance (Table 2) indicated a highly significant treatment effect (F = 6.46; F α=0.05;10,110 = 1.91). Testing of the contrasts between treatments revealed no statistically significant difference between values for Se in fresh and frozen liver (F = 1.47; F α = 0 . 0 5 ; 5 , 1 1 0 = 2.29), but the contrast of combined values for Se in fresh and frozen liver versus values for Se in formalin-fixed liver was highly significant (F = 51.24; F α =0.05;1,110 = 3.92). The mean concentrations of Se were tested for homogeneity using the SNK mean separation test ( Table 3 ). The means of values for Se in fresh and frozen treatments were homogeneous as were the means of Se in the formalin-fixed livers. Multiple regression analysis (Table 2 ) indicated a highly significant parallel linear treatment effect for Se in fresh/frozen and formalin-fixed tissue (F = 26.3; F α =0.05;2,8 = 4.46) characterized by a slight positive slope (0.00 1115 ppm/day) for both lines and intercepts of 0.531 ppm and 0.457 ppm, respectively ( Fig. 1 ). The mean concentration of Se in formalinfixed livers was 86% of that in either fresh or frozen livers. The confidence limits about both lines were corrected using calculations for least significant interval (LSI) to take into account the error variance of the ANOVA and that of regression. The LSI projections did not overlap, indicating a significant treatment effect on concentrations of Se between fresh/frozen and formalin-fixed tissues over all days.
The results show that formalin-fixed liver is a reasonable matrix for evaluating the status of Se in swine. There was a significant difference between the concentration of Se in fresh/ frozen and formalin-fixed liver, but there was no significant effect from individual animal variation as tested by ANOVA. Multiple regression of the partitioned data revealed a highly significant linear treatment effect for both fresh/frozen and formalin-fixed concentrations of Se. Additional testing by SNK confirmed that the mean concentrations of Se in formalin-fixed liver were homogeneous, and those in fresh and Table 1 . Mean (SE) concentrations (ppm) of selinium in fresh, frozen, and formalin-fixed porcine liver 0-28 days after collection (n = 12 pigs/treatment group). frozen liver were also homogeneous. The SNK mean separation test is a conservative test of homogeneity between all possible pairs of means with α = 0.05 (the chance of incorrectly accepting that a true difference exists, a type I error, is 5%). Means were arranged by magnitude, and the minimum and maximum means were compared with a determined range. When the difference between means fell within that range, testing stopped and that set of means was considered homogeneous. In this case (Table 2) , there was distinct separation of means for formalin-fixed tissue from those of fresh and frozen liver. The additional grouping (B) is due partially to the positive trend in the data over days, as demonstrated by the regression line and variation among means.
Comparison of the regression lines revealed that the concentration of Se in formalin-fixed liver was 86% of that in fresh/frozen liver across days 0-28. A slight positive increase in Se (0.001115 ppm/day) was present for both treatments over the test period. The minimal positive slope can be disregarded for practical comparisons. For more precise extrapolation, the linear slope (0.001115 ppm/day) is multiplied by the number of days that the tissue was fixed and the multiplicand is subtracted from the formalin-fixed value prior to dividing by 86%:
Fresh Se = formalin-fixed Se -(days fixed x 0.001115 ppm/day) 0.86 .
The increase in Se in stored frozen and formalin-fixed liver, as reflected by the positive slope of the regression equation, Table 2 . ANQVA of concentrations of selenium in fresh, frozen, and formalin-fixed porcine livers. is probably caused by dehydration from freeze drying and formalin-fixation,' respectively. With loss of water, the reduced mass of the tissue causes a relative increase in Se, although total Se remains the same. The significantly lower intercept concentration of Se in formalin-fixed tissue on day zero is attributed to leaching of Se into the formalin solution early in fixation. Similar effects from fixation have been observed with copper and zinc in formalin-fixed 1iver. 1 Livers from swine with abnormal Se concentrations were not evaluated, but the relationships between formalin fixation and freezing should hold true for them as well. Dehydration of tissue samples by freezing or formalin fixation and leaching of Se from fixed tissue must be considered in interpreting data from stored samples. The calculated regression equations take those effects into consideration and provide for easy extrapolation from the Se concentration determined in formalin-fixed liver to the expected concentration in fresh liver. Table 3 . Student-Newman-Keuls (SNK) mean separation test of mean concentrations of selenium by treatment (a = 0.05).
Hepatogenous photosensitization in cattle fed a grass hay

Scott T. Witte, Scott L. Curry
In fall of 1990, 5 pregnant cows with excessive dental wear were removed from a pastured cow-calf herd in central Iowa for supplemental feeding. One Hereford and 4 Angus x Hereford cows were moved to a paddock housing 1 Longhorn and 2 Simmental bulls. The 15-x 30-m dirt lot was exposed to the elements and equipped with a circular metal hay rack, wooden grain rack, and water tank. Late in February 1991, the previous hay supply was depleted and feeding of a foxtail (Setaria sp.)-orchardgrass (Dactylis glomerata) hay commenced. The 8 cattle received hay and water ad libitum and 40 kg/day of a corn-based grain supplement. Four days after changing hay sources, reduced grain intake and increased water consumption was observed. During the following days, the owner noticed erythematous muzzles and copious clear nasal and oral discharges. Conjunctiva and periocular tissues were reddened and edematous, with obvious ocular discomfort. Animals were frequently seen rubbing against objects in the paddock.
Three days later, the attending veterinarian confirmed the previous clinical signs, to some extent, in all 8 cows and bulls. In addition, the animals refused both grain and hay. Cattle were depressed, ataxic, and icteric. Epithelium on the muzzle was erythematous and fissured with serous exudate, later becoming a sloughing crusty black layer. Some voided urine observed was reddish-brown. Temperatures of the cattle physically examined were normal.
During the following 5-7 days, subsequent evaluations revealed the muzzle and nasal epithelium sloughed exposing From the Veterinary Diagnostic Laboratory, College of Veterinary Medicine, Iowa State University, Ames, IA 50011 (Witte), and the Newton Animal Clinic Association, Newton, IA 50208 (Curry).
Received for publication February 13, 1992. granulation tissue. Periocular edema, lacrimation, and photophobia were common. A few animals developed moderate submandibular edema. Mild fissures and serous exudate developed along stress lines of sparsely coated and nonpigmented epithelium on the udder, teats, escutcheon, ears, and lateral dorsum. Conjunctival and vaginal icterus were common findings. The nasal and ocular discharges progressed to mucopurulent, and some cattle developed fevers (39.4-40.8 C). Five days after the problem was noticed, one Angus x Hereford cow died. Besides the cutaneous lesions described above, the attending veterinarian reported that the liver was pale orange and friable, kidney, spleen, and lungs were congested, and adipose and mucous membranes were icteric.
Histologically, the liver contained moderate, diffuse centrolobular degeneration and necrosis characterized by enlarged, vacuolated hepatocytes with marked, diffuse canalicular bile retention (Figs. 1,2) . Very mild, diffuse interlobular bile duct proliferation and marked bile stasis were present. Renal histopathology consisted of mild, diffuse glomerulonephritis. The glomerular tufts were thickened, and urinary spaces contained protein droplets. Epithelia of the convoluted tubules were swollen with protein-containing vacuoles, and the lumens were occasionally filled with neutrophils and cellular debris. Collecting tubules also contained similar inflammatory cells and material and were moderately dilated and filled with protein and granular casts.
Whole blood and serum from various cows physically examined were evaluated during the following 4 weeks. Complete blood count results (n = 6) ranged from normal to a mild inflammatory leukogram. Serum chemistry results (Table 1) suggest hepatocellular lesions as indicated by elevated aspartate aminotransferase (AST), although the creatine
